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ABSTRACT

thus simplifies the fabrication of the circuits.

DTIC QULL

Two types of tunable active bandpass filter working at X-band are presented. Both
circuits employ the concept of three-terminal MESFET varactor. The first circuit uses two
MESFETs of which one is used to generate a negative resistance and the other is used to
generate a variable reactance. The second circuit uses only one MESFET which has both
functions of those two MESFETS in the first circuit. The achievement of using one
MESFET to replace two MESFETs with different functions provides a significant

advantage. It reduces the number of solid-state elements needed in the active circuits and
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Chapter 1
Introduction

Recently, a microstrip-line circuit of tunable active bandpass filter working at X-
band has been made. A half-wavelength microsrtrip resonant tank is used as the core of this
type of circuit to create a narrow passband. Because the loss of resonant tank including
conduction loss, substrate loss, and radiation loss is large, a coupled negative resistance
method is introduced by Chang to compensate the loss[1]. This makes the circuit active.

Chang divided the half-wavelength tank into two quarter-wavelength sections and
connected them by a varactor diode(Fig. 1.1). By changing the bias voltage of the varactor
diode, the center frequency of passband can be tuned[1]. Yamamoto connected the two
quarter-wavelength sections through the gate and the source of a GaAs MESFET. This
MESFET, which is the same type of device as the element used to create the negative
resistance, works as a varactor. By changing the bias voltage the center frequency of
passband can also be tuned[2].

In addition to voltage-control tuning, MESFETSs can be used as an optically
controlled varactor. Yamamoto carried out this concept by removing the package cover of
the MESFET so that the gate-to-source depletion region can be illuminated by a
semiconductor laser diode[3]. The laser light generates some electron-hole pairs inside the
depletion region and thus change the gate-to-source capacitance.

The varactors Chang and Yamamoto used are both two-terminal varactors.
However, the MESFET that Yamamoto used can also be used as a three-terminal varactor
by using all three variable parameters Cgs, Cgd and Cds. In Chapter 2, this concept is
discussed and the behavior of these variable reactances is studied.

Based on the concept of three-terminal MESFET varactor, a tunable active bandpass

filter using two MESFETs was made. One MESFET is biased in the active mode to




generate a negative resistance. The other is biased in the reactive mode and acts as a three-
terminal varactor to changes the effective electrical length of the half-wavelength resonant
tank by the T-junction method. The concept, the design and the measurement result of this
circuit are given in Chapter 3.

The most significant advantage of using the three-terminal MESFET varactor is that
the functions of the negative resistance MESFET and the three-terminal MESFET varactor
can be combined together into one MESFET. That is, the MESFET can play both roles at
the same time. This means we can replace those two MESFETs needed in the circuit
described above with only one MESFET. Based on this concept, a tunable active bandpass
filter using only one MESFET is made. In Chapter 4, the design of this circuit and the

measurement result are discussed.




Chapter 2
Three-terminal MESFET Varactor

2.1 Two-terminal Varactor

The term "varactor” comes from the words variable reactor, which means a device
with a variable reactance. A PN junction diode is usually used as a varactor diode. By
changing the reverse-bias voltage, the width of the depletion region is changed and thus the

capacitance is changed(Fig. 2.1).

depletion region

1

N : : +
o- A A
14+ J--- 1

Fig. 2.1 PN junction of a varactor diode

The MESFET can also be a two-terminal varactor by using its depletion region. A negative
voltage is applied on the gate to create a depletion region. The drain is either connected to
the source or is open-circuited(Fig. 2.2). The gate-to-source capacitance is a function of the
bias voltage or the intensity of incident light(Fig. 2.3). If the gate-to-source capacitance is

controlled by the incident light, then it is an optically controlled varactor{3].
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Fig. 2.2 Using the MESFET as a two-terminal varactor
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Fig. 2.3 Gate-to-source capacitance of the MESFET




With the aid of such two-terminal varactors to change the effective electrical length

of the resonant tank(Fig. 2.4), the center frequency of the passband of an X-band active

filter can be tuned[1][2].
:4 tank j >:
1 I
SFA C o
! th coupled line | 1A uncoupled finet
< e .

S tank j-1 7Hl

1
L—— MESFET
Jjj#1
termination

resistor negative resistor

Fig. 2.4 Resonant tank of an X-band tunable active bandpass filter




2.2 Using MESFET As Three-terminal Varactor

Eventually, the MESFET is a three-terminal device designed for amplifying signal.
Beside this, it is used as a varactor as described in the previous section. However, the
MESFET is treated as a two-terminal device in this case. In the configuration of Fig.
2.2(a), only gate-to-source capacitance(Cgs) is used. In the configuration of Fig. 2.3(b),
both gate-to-source capacitance(Cgs) and the gate-to-drain capacitance(Cgd) are used and
parallel-connected.

Beside Cgs and Cgq, there is another capacitance Cds exists between drain and
source. A reactive MESFET model based on these three parameters is shown in Fig. 2.5.
The effect of resistance is neglected here. Therefore, if we use the MESFET as a three-
terminal device in a one-port circuit, these three parameters as well as the transmission-line
parameters are combined together to create a reactance Xip at the input port of this
circuit(Fig. 2.6). Since Cgs, Cgd and Cqs are all variable, the reactance Xin is also
variable. Its value can be changed by the DC bias of MESFET or by the optically controlled
method described in section 2.1. When this reactance Xip, is applied to the tank circuit, the

resonant length of tank can be changed by changing Xin, and thus the resonant frequency is

changed.
Source Gate Drain
Cds
Substrate :

Fig. 2.5 Reactive MESFET model




ng

Gate | Drain
—_— . — )
input Ces J Cas OPeN input Xin
O — 0
Source
(a) (b)

Fig. 2.6 (a) Using the reactive MESFET in one-port circuit
(b) Equivalent circuit of (a)

In the three-terminal configuration, most GaAs MESFET models consider Cgs and
Cgd as voltage-dependent capacitances and Cds as voltage-independent capacitance. Cgs
and Cg are thought of as capacitances of equivalent Schottky barrier diodes between the
gate and source and gate and drain, respectively[S]. For a negative gate-source voltage and
a small drain-source voltage, each diode is reverse biased about the same amount and the
capacitances Cgs énd Cgd are about equal. As the drain-source voltage is increased, the
depletion region on the drain side extends and Cgd becomes smaller than Cgs. When the
drain-source voltage is increased beyond the point of current saturation, Cgd is much
smaller than Cgs which becomes dominant{6]. In such models capacitances of Schottky
barrier diodes are considered and the capacitance change due to the gate voltage can be
explained by the space charge model. The dependence is shown in Fig. 2.3(a).

A better capacitance model which considers both the Schottky capacitances and the
fringing sidewall capacitances was proposed by Takada et al[7]. However, this model is

limited by small drain voltages. At small drain voltages, the charge accumulation on the




drain-side edge and the source-side edge of depletion region is negligibly small. In this
model, the variable capacitances considered are still Cgs and Cgd.

The dependence on the drain voltage is more complicated. The C-V dependence
between drain and source terminals are measured at 1 MHz on HP 4280A C-V meter. At
different gate voltages, the Vds-dependence of this capacitance is plotted in Fig. 2.7. When
the gate voltage is larger than the pinch-off voltage, the channel is open and the
conductance becomes very large. This results in a large measurement error. The pinch-off
voltage given by the manufacturer is -1.5V, which is in agreement with the measurement
result. When the channel is pinched-off the C-V curves show the tendency of the increased
capacitance as V(s is increased. This voltage dependence is in agreement with the data
calculated by Willing et al[8]. However, this voltage-dependence cannot be explained by
Cgs and Cgd since both capacitances decrease as Vds increases.

The charge accumulation in the active channel plays an important role here. When
the drain-source current is saturated, the active channel capacitance which comes from the
charge accumulation effect increases monotonically as Vs increases. This phenomenon
was first reported by Engelmann and Liechti[9] and was elaborated by Willing et al[8].
This nonlinear effeét predicts that the capacitance Cds dependents on Vdg when the drain-
source current is saturated. When the drain voltage increases, the amount of charge
accumulation increases and the capacitance between drain and source terminals increases.

Based on the tiicory presented above, two kinds of tunable active bandpass filter are
made. Both circuits use the MESFET as a three-terminal device. The design and the
fabrication are described in the following two chapters. The circuit performance is
measured and the result is explained by the reactive MESFET model presented in this

chapter.




Capacitance (pF)

Vds (V)

Vgs=-2.4V
Vgs=-2.0V
Vgs=-1.9V
Vgs=-1.8V
Vgs=-1.7V
Vgs=-1.6V
Vgs=-1.5V
Vgs=-1.4V

Fig. 2.7 C-V measurement of the MESFET between drain and source terminals

10




Chapter 3
Tunable Active Bandpass Filter Using Two MESFETs

In this chapter, a tunable active bandpass filter using two MESFETs is presented.
One MESFET is used to generate a negative resistance which compensates the loss in the
resonant tank. The other MESFET is used as a three-terminal varactor described in chapter
two to tune the center frequency of the passband. To change the electrical length of
resonant tank, the T-junction method is adopted so that the change of reactance in the
reactive MESFET is coupled into the resonant tank. Both the voltage-control tuning and the
optical-control tuning are measured and explained by the reactive MESFET model in

Chapter two.

3.1 Circuit Design, Simulation and Fabrication

The basic structure of this circuit is a passive bandpass filter with an end-coupled
half-wavelength resonator as shown in Fig. 3.1. The system impedance is designed to be
82 Ohm at 10 GHz and is tapered to be 50 Ohm to match the input impedance and the
output impedance. 'To compensate the loss of the resonator, a negative resistance is added
to the resonant tank through the coupled-line method(Fig. 3.2). The device which creates
the negative resistance is NE72084B GaAs MESFET. The substrate is PTFE with dielectric

constant of 2.55 and thickness of 30 mil.

input , A2 , output

N — |
i 1 Nt/

50Q tapered line 82Q tapered line 50Q

Fig. 3.1 Passive bandpass filter
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input output

D: drain

G: gate

S: source

Vg =[] R: termination resistance

Fig. 3.2 Active bandpass filter with negative resistance

In order to make the filter in Fig. 3.2 tunable, the effective electrical length of the
resonant tank needs to be changed by an appropriate mechanism. A reactance-tuning circuit
is designed for this purpose. The idea of this circuit shown in Fig. 3.3 comes from Fig.
2.6. The MESFET is used as a three-terminal device in this one-port circuit. To be reactive,
the transmission line connected to the drain terminal is open at the other end. The
transmission line connected to the source terminal is shorted at the other end for the same
reason. The reason why it is shorted but not opened is to satisfy the DC bias model in

which the source terminal is connected to the ground. In case where the MESFET is not

12




operated in the active mode and the effect of conductances is negligible, the circuit

generates a reactance at the input port. That is, the input impedance of this circuit is purely

imaginary.

open-circuited

D

W Qo

input

AN

* MESFET

Fig.3.3 Reactance-tuning circuit using the MESFET

The input impedance Z;j of this reactance-tuning circuit is simulated by the

Touchstone™ simulator. The simulation result is shown in Fig. 3.4. The S-parameter set
of the MESFET used in simulation is for the bias condition of Vds=3V and Ijs=10mA.
Since the MESFET is in the active mode under this bias condition, the real part of Z;j has

negative value. The transmission lines connected to the MESFET are intended to reduce the
magnitude of Re[Z;j] between 9.5 GHz and 10.5 GHz. This is the expected frequency-
tuning range. When the bias condition of the MESFET is changed, the curve of IM[Z;] is
shifted left or right because the effective electrical length inside the MESFET is changed.

Therefore, a reactance-tuning circuit is made.

13
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Fig. 3.4 Simulation result of the reactance-tuning circuit

The reactance-tuning circuit is then attached to the active filter circuit in Fig. 3.2 by
T-junction method.. To prevent destroying the resonance in the tank, the reactance cannot be
added anywhere except at the center portion. However, the frequency tuning range is very
small if this imported reactance is added right at the center point. This is because the electric
field at this point is zero under resonance and cannot excite a dominant mode into the
reactance-tuning circuit. Therefore, a position at which the left side of the imported
transmission line and the center line of resonant tank coincide is determined. The frequency
tuning ranges of these two positions are compared in Fig. 3.5. Under the same bias

condition, the tuning range is 50 MHz for the configuration (a) while it is 150 MHz for the

configuration (b).

14




resonant tank resonant tank
[] [}

Frequency (GHz)

Fig. 3.5

? i
(a)\ / (b)

center line of resonant tank

9.85

9.80

9.75 1

9.70 1

9.65 1

Comparison of the frequency tuning ranges for

two different cases
Vgr : gate voltage of the reactive MESFET
Vdr : drain voltage of the reactive MESFET
Vgn : gate voltage of the MESFET as negative resistance
Vdn : drain voltage of the MESFET as negative resistance
Bias condition : Vgn = - 0.98V, Vdn = 3.29V, V4r =0V
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The final circuit pattern of the tunable active bandpass filter using two MESFETS is
drawn in Fig. 3.6. Details of the circuit parameters are listed in Appendix A. The
simulation result of the circuit performance at fixed bias condition is shown in Fig. 3.7.
This circuit pattern is then fabricated on the RT/duroid® ULTRALAM substrate with
dielectric constant of 2.55 at 10 GHz. The thickness of the substrate is 30 mil and the
thickness of the copper on both sides of the substrate is 1.4 mil. The GaAs MESFETs,
NE72084B, are soldered on the proper sites. The top cover of the reactive MESFET is
removed in order to receive the incident light from a semiconductor laser for optical-control

tuning. Two resistances used for termination are also soldered on the substrate.

16




input

reactive MESFET

g, S / ouftput

(negative resistance)

Fig. 3.6 Tunable active bandpass filter using two MESFETs
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Fig. 3.7 Simulation result of the circuit in Fig. 3.6
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3.2 Measurement Result

The S11 and S2]1 parameters of this active filter are measured by HP 8510A Vector
Network Analyzer. By changing the reactance of the reactive MESFET, center-frequency
shift of the passband is observed. If the center-frequency shift is controlled by the bias
voltage, it is called the voltage-control tuning method. If the center-frequency shift is

controlled by the incident light, it is called the optical-control tuning method.

3.2.1 Voltage-control Tuning

The voltage-control tuning is made by changing Vgr(gate voltage of the reactive
MESFET) and keep Vdr(drain voltage of the reactive MESFET) unchanged. To prevent
making any negative resistance at the input port of the reactance-tuning circuit, Vdr is set to
zero which is the same as Vgr(source voltage of the reactive MESFET). Under such a
condition the DC current flowing through the MESFET is zero and the MESFET is not in
the active mode.

Fig. 3.8 displays the voltage-tuning performance of this filter. By changing Vegr
from OV to -5.43V, the center-frequency of the passband shifts from 9.649 GHz to
9.818 GHz. The tuning range is about 170 MHz. The voltage dependence of the center
frequency is shown in Fig. 3.9. As Vgr is increased, the center frequency decreases. This
can be explained by the MESFET model ia Chapter 2. When Vgr is increased, the depletion
region decreases and both Cgs and Cg( increase; thus the effective electrical length of the
resonant tank increases. Hence, the center frequency of the passband is decreased.

Since the center-frequency of the passband can also be tuned by changing the bias
voliages of the MESFET used to generate a negative resistance, which will be discussed in
the next chapter, it is possible to tune the center-frequency by both MESFETs in this filter.
The voltage-tuning performance using both MESFETs: is displayed in Fig. 3.10 and the

19




voltage dependence of the center frequency is listed in Table 3.1. With the aid of both
MESFETs, a tuning range of 240 MHz is obtained.

Si Lag HIAG Sp1 log MAG
G REF ©@.0Q dB
aB/ 5.0 dB/

R
[ AL J
) /

R
L\Jﬁk / /

L =

START 9.550000000 GHz
STOP S.850000000 GHz

|

H/
/,

Fig. 3.8 Voltage-control tuning by the reactive MESFET of the filter in Fig. 3.6

Bias condition : Vgn =-0.83V
Vdn==L4V
Vdr=0V
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Fig. 3.9 Center-frequency of the passband as a function of Vgr

(related to the measurement result in Fig. 3.8)
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Fig. 3.10 Voltage-control tuning by both MESFETs of the filter in Fig. 3.6
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Frequency(GHz) Vor (V) Vdn (V) Ven (V)
9.816 -5.40 1.42 -0.98
9.785 -2.98 1.42 -0.98
9.748 -2.54 1.60 -0.98
9.708 -2.21 1.60 -0.98
9.667 -0.98 1.57 -0.98
9.630 0 2.20 -1.21
9.577 0 6.00 -1.31

Table 3.1 Center frequency of the passband as a function of bias voltages

(related to the measurement result in Fig. 3.10)
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3.2.2 Optical-control Tuning

In addition to the voltage-control tuning method, the passband of the filter can be
controlled by optical illumination. To receive the illumination from a light source, the top
cover of the reactive MESFET is removed. A Sharp® LT021MCO semiconductor laser
diode with wavelength of 788 nm and maximum output power of 15 mW is used as the
light source. The laser light is focused on the MESFET chip with a fine-tuning of the focal
point in the region between gate and source and/or between gate and drain. The depletion
region under the gate is influenced by the laser light and thus the capacitance Cgs is
changed. The optical-control tuning performance is measured and shown in Fig. 3.11. The
center frequency as a function of laser output power is shown in Fig. 3.12. When the light
intensity increases, the center frequency decreases because the carriers generated inside the
depletion region reduce Cgs and Cgd, which in turn increases the effective electrical length
of the resonant tank. When the output power of the semiconductor laser diode is changed

from 0 mW to 15 mW, the tuning range is 50 MHz.
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Fig. 3.11 Optical-control tuning of the filter in Fig. 3.6

Bias condition : Vgn =-0.83V
Vdn =14V
Vdr=0V
Vgr=-2.53V
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(related to the measurement result of Fig. 3.11)
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Chapter 4
Tunable Active Bandpass Filter Using One MESFET

In Chapter 3, a tunable active bandpass filter using two MESFET: is discussed.
These two MESFETs in the filter have different functions. One is used in active mode to
generate a negative resistance while the other is used in reactive mode to provide a variable
reactance. However, from the discussions in Chapter 2, we found that the MESFET also
has the characteristic of variable reactance in the active mode. Therefore, a new idea to
replace these two MESFETs with only one MESFET is investigated. The MESFET can
function as both negative resistance and three-terminal varactor at the same time. It is
possible to make a tunable active bandpass filter with only one MESFET. This chapter

presents such a tunable active bandpass filter.

4.1 Circuit Design, Simulation and Fabrication

The most important consideration here is the negative resistance value from the
MESFET. In order (0 keep the S7; value of the center frequency at 0 dB through the tuning
range, the negative resistance needs to be controlled to a constant value. When the reactance
is changed by the bias voltage, the negative resistance changes in general. However, the
negative resistance should not change much when the drain voltage is larger than the
saturation voltage, because I4s saturates beyond this point. With this feature, it is possible
to tune the center frequency of passband by changing V4 without disturbing the negative
resistance significantly.

At first, the circuit is designed from the circuit pattern in Fig. 3.6 by removing the
reactance-tuning circuit away. In such a case the voltage-control tuning range is found to be
less than 50 MHz. In order to change the effective electrical length of resonant tank more,

the gap width between the coupled lines is decreased so that the coupling coefficient is
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increased. However, the effect of the negative resistance is increased in this case. Hence,
Vg needs to be smaller to reduced the negative resistance so that the passband insertion loss
does not change. Referring to Fig. 2.7, it is observed that the slope of the C-V curve which
corresponds to the variation range of capacitance becomes smaller when Vg is smaller.
Therefore, there exists an optimum point of Vg and gap width for maximum tuning range.
This compromise is approached by reducing the gap width between coupled lines
from 18 mil in Fig. 3.2 to 8 mil in Fig. 4.1, which is corresponding to a gate voltage of -
1.6V. The new circuit is almost the same as the circuit in Fig. 3.2 except a minor
modification. Details of this circuit is shown in Appendix B. The simulation result of the

filter performance at a fixed bias condition is shown in Fig. 4.2.
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input output

D: drain
Vg G: gate
S: source

R: termination resistance

Fig. 4.1 Tunable active filter using one MESFET
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Fig. 4.2 Simulation result of the circuit in Fig.4.1
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4.2 Measurement Result

4.2.1 Voltage-control Tuning

Three methods of voltage-control tuning are discussed here. The first method is to
change V{ while Vg is unchanged, as shown in Fig. 4.3. The tuning range is 120 MHz.
The second method is to change Vg while V{ is unchanged, as shown in Fig. 4.4. The
tuning range for this method is 90 MHz. The third method is to change both Vg and Vg, as
shown in Fig. 4.5. The tuning range obtained is 150 MHz. The voltage dependences of the
center frequency for these three methods are shown in Fig. 4.6, Fig. 4.7 and Table 4.1,
respectively.

The measurement result can be explained by the reactive MESFET model in Chapter
2. The tuning response of Fig. 4.6 can be explained by referring to Fig. 2.8. With Vg
biased at -1.6V, the capacitance between the drain terminal and the source terminal
increases as V{ is increased. Then, the effective electrical length of resonant tank is
increased and the center frequency of passband is decreased. The tuning response of Fig.
4.7, however, can not be explained by Fig. 2.8 because Vg is larger than the pinch-off
voltage and the channel is open. It should be explained by Fig. 2.3(a) because Cgs is
dominant now. Referring to Fig. 2.3(a), Cgs increases as Vg is increased. The effective
electrical length of resonant tank is hence increased and the center frequency of passband is
decreased.

Comparing the V(-tuning and the Vg-tuning methods, it is found that the former
method is superior to the other since a wider tuning range of 120 MHz is obtained.

Moreover, a tuning range of 150 MHz can be achieved with the aid of Vg.
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Fig. 4.3 Vd-tuning of the filter in Fig. 4.1 (Vg = -1.6V)
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Fig. 4.4 Vg-tuning of the filter in Fig. 4.1 (V4 =3V)
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Frequency (GHz) Vd (V) Vg (V)
9.623 1.85 -1.38
9.610 2.27 -1.38
9.590 4.59 -1.67
9.570 5.68 -1.67
9.550 6.66 -1.64
9.530 7.56 -1.64
9.510 8.21 -1.55
9.490 5.22 0
9.470 J 5.48 0

Table 4.1 Center frequency of the passband as a function of bias voltages

(related to the measurement result in Fig. 4.5)
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4.2.2 Optical-control Tuning

The optical-control tuning range is less than 10 MHz, which is much smaller than
the optical-tuning range of the filter using two MESFETs. The reason is found from the
bias voltage Vg. In order to have the widest optical-control tuning range, the gate voltage of
the MESFET receiving the incident light must be biased at a specific voltage which
corresponds to the widest capacitance tuning range(Fig. 2.3(a))[3]. This voltage is usually
below -2V. For instance, the widest opticai-conirol tuning range of 0 MHz for the filter
using two MESFET:s is obtained by keeping the gate voltage of the reactive MESFET at -
2.53V. However, for the filter with only cne MESFET, the latter cannot be biased at such a
voltage because a negative resistance requires Vg to be at a much larger value. For
example, Vg is biased at -1.6V in Vd-tuning and is varied from -1.6V to OV in Vg-tuning.
In this range the optical-control tuning range is very small.

Although the optical-control tuning is not practical for the filter with one MESFET,
the achievement of using one MESFET to replace two MESFET: in the tunable active
bandpass filter is still significant. The advantage brought in by this improvement is that the
fabrication of this circuit is simplified and the operation of this circuit is simpler because

only one MESFET is needed.

4.2.3 Temperature Effect

The stability of the filter with temperature variation is studied. The room
temperature is changed slowly from 70°F to 80°F in two hours. The center frequency of
passband shifts by 2 MHz. The MESFET is then heated by a temperature-controllable
soldering iron setting at 250°F. The soldering iron head is put on the top cover of the
MESFET until thermal equilibrium is reached, i.e., the center frequency of the passband
does not change further. In this case, the center frequency of passband shifts 10 MHz

inore. The measurement result is shown in Fig. 4.8 and the temperature dependence is
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drawn in Fig. 4.9. According to the measurement result, this filter is not sensitive to the

temperature variation.
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Fig. 4.8 Temperature effect of the filter in Fig. 4.1
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Chapter 5
Conclusion

Based on the concept of three-terminal MESFET varactor, two types of tunable
active bandpass filter are made. The first circuit uses two MESFETsS of which one is used
as a MESFET varactor and the other is used to generate a negative resistance compensating
the loss of the tank circuit. The second circuit uses only one MESFET which has both
functions of the two MESFETs in the first circuit. Both circuits use the MESFET as a
three-terminal varactor. This is different from using MESFET as a two-terminal
varactor{2][3][4].

For the first circuit using two MESFETs, three kinds of operations are observed.
The voltage-control tuning using the gate voltage of the reactive MESFET gives a tuning
range of 170 MHz. The voltage-control tuning using both the reactive MESFET and the
negative resistance MESFET gives a wider tuning range of 240 MHz. The optical-control
tuning, with a semiconductor laser as the light source, gives a tuning range of 50 MHz.

For the second circuit using one MESFET, three kinds of operations are observed.
The voltage-control tuning using the gate voltage of the MESFET gives a tuning range of
90 MHz. The voltage-control tuning using the drain voltage of the MESFET gives a tuning
range of 120 MHz, which is better than the tuning controlled by the gate voltage. If both
the drain voltage and the gate voltage are used, a wider tuning range of 150 MHz is
obtained. The optical-control tuning is not practical for this filter because the tuning range is
less than 10 MHz. The reason is that the gate of the MESFET needs to be biased at a much
higher voltage than the optimum voltage for the optical-control tuning to generate a negative

resistance which compensates the loss of the circuit. The temperature effect of this circuit is
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also studied and the result shows that this filter is not sensitive to the temperature variation.
Compared to the previous results using the MESFET as a two-terminal varactor, the
most significant advantage of using the MESFET as a three-terminal varactor is to let the
MESFET lave two different functions at the same time. The MESFET is used as an active
device which amplifies signal. With the analysis of the relationship between the internal
capacitances and the bias condition, the MESFET is found to have a reactance-tuning
capability in the active mode if it is biased properly. This finding demonstrates the potential
of using both real and imaginary parts of the equivalent impedances of the active devices.
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Appendix A
Circuit File of The Tunable Active Bandpass Filter

Using Two MESFETSs

DIM ! Default units used in this circuit file
FREQ GHZ ! GHz
RES OH ! Ohm
IND NH !nH
CAP PF ! pF
LNG MIL ! mil
ANG DEG ! Degree

VAR
W0=33.6 ! width of the line for 82Q
WBIAS=5 ! width of the bia; line
G=15 ! gap width between tank and I/O lines
GCOUP=18 ! gap width between coupled lines
COUP=187.3 ! length of the coupled line in tank
UNCOUP=153.7 ! length of the uncoupled line in tank
LBIAS=217 ! half-wavelength in bias line

CKT

MSUB ER=2.55 H=30 T=1.4 RHO=0.8 RGH=0

TAND TAND=0.002

! data of the substrate

! loss tangent of the substrate

MLIN 1 2 WAWBIAS LALBIAS ! half wavelength
MTEE 2 3 4 WIAWBIAS W2AWBIAS W3AWBIAS !
MLIN 3 5 WAWBIAS LALBIAS ! half wavelength
MRSTUB 4 WI"WBIAS L=150 ANG=90 ! short
MSTEP 5 6 WIAWBIAS W2=40 !
MLOC 6 W=40 L=40 !
DEFI1P 1 BIAS ! bias CKT
!
MLIN 3 4 W=5 L=36.61 ! inductance
MSTEP 4 5 W1=5 W2=100 !
MLIN § 6 W=100 L=77.37 ! capacitance
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MSTEP 6 7 W1=100 W2=5
MLIN 7 8 W=5 L.=148.26
MSTEP 8 9 W1=5 W2=100
MLIN 9 10 W=100 L=70.43
DEF2P 3 10 HALFF
HALFF 12

HALFF 3 2

DEF2P 1 3 LPF

S2PA 11 12 13 NE72084B
MLIN 11 1 W=20L=35
MSTEP 1 51 W1=20 W2=5
LPF 512

MSTEP 2 52 W1=50 W2AW0
MLIN 52 53 WAWO0 L=120
SRL 53 0 R=82 L=0.15
MLIN 13 14 W=30 L=30
MSTEP 14 15 W1=30 W2=5
MLIN 1521 W=5L=27
MSTEP 21 22 W1=5 W2=30
MLIN 22 23 W=30L=15
VIA 23 0 D1=10 D2=10 H=30 T=1
MLOC 23 W=30L=15

MLIN 12 6 W=25 L=25
DEF1P 6 NR

MLIN 1 2 W=87.5 L=100

MTAPER 2 3 W1=87.5 W2AW(0 L=518
MLIN 3 4 WAWO0 L=100

DEF2P 1 4 FEED

MLIN 1 5 W=33.6 L=126
S2PB 5 6 7 NE72084A
MLIN 7 8 W=50L=70
MSTEP 8 9 W1=50 W2=25

!

! inductance
!

! capacitance
!

!

!

! low pass filter CKT

! S-parameter of MESFET

! line from gate to LPF

!

!

!

! line from LPF to termination
! termination resistance

!

!

! line from source to ground

!

!

! via hole connected to ground plane
!

! line from drain to output

! negative resistance CKT

1 50€2 line

! transition from 50%2 to 82Q2
! 82Q line

! feed CKT

! line from gate to output

! S-parameter of MESFET
!

!




MLSC 9 W=25L=110

MLIN 6 10 W=33.6 L=205

MTEE 11 10 12 W1=33.6 W2=33.6 W3=5
MLOC 11 W=33.6 L=205

BIAS 12

DEF1P 1 REACT

TAND TAND=0.038

MCLIN 4567 WAW(0 SAGCOUP LACOUP
MTEE2 7 8 9 WIAW0 W2AW0 W3AW0
MLIN 8 13 WAW0 LAUNCOUP

TAND TAND=.002

REACT 9

MBEND?3 5 11 WAW0

MBEND?3 6 21 WAW(

MLIN 11 12 WAW(Q L=271.9

MLIN 21 22 WAW(0 L=53.4

MTEE?2 23 22 24 W1AW0 W2AW(0 W3AW0
MLOC 24 WAW0 L=77.6

MSTEP 23 25 W1AW0 W2=25

NR 25

SRL 12 0 R=82 L=0.15

DEF2P 4 13 TANK

FEED 12

MGAP 2 3 WAWO0 SAG
TANK 34

MGAP 4 7 WAWO SAG
FEED 87

DEF2P 1 8 FILTER

FREQ

SWEEP 9.7 10.0 0.1
SWEEP 10.0 10.1 0.01
SWEEP 10.1 10.3 0.1

ouT

45

! line from source to ground
!

!

! line from drain to open

!

! reactance-tuning CKT

! emulation of the radiation loss
! coupled line in tank

!

! uncoupled line in tank

! back to the normal loss tangent
!

!

!

! line from coupled line to termination
! line from coupled line to NR

!

! matching stub

!

!

! termination resistance

! resonant tank CKT

! input

!

! resonant tank
!

! output

! filter CKT




FILTER DB[S11] GR1

FILTER DB(S21] GR1
GRID

RANGE 9.7 10.3 0.1

GR1-2555
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Appendix B
Circuit File of The Tunable Active Bandpass Filter
Using One MESFET

DIM ! Defauit units used in this circuit file
FREQ GHZ ! GHz
RES OH ! Ohm
IND NH !'nH
CAP PF ! pF
LNG MIL ! mil
ANG DEG ! Degree

VAR
W0=33.6 ! width of the line for 82Q
WBIAS=5 ! width of the bias line
G=15 ! gap width between tank and I/O lines
GCOUP=8 ! gap width between coupled lines
COUP=181 ! length of the coupled line in tank
UNCOUP=181 ! length of the uncoupled line in tank
1.BIAS=217 ! half-wavelength in bias line

CKT

MSUB ER=2.55 H=30 T=1.4 RHO=0.8 RGH=0

TAND TAND=0.002

MLIN 12 WAWBIAS LALBIAS

! data of the substrate
! loss tangent of the substrate

! half wavelength

MTEE 2 3 4 WIAWBIAS W2AWBIAS W3AWBIAS !

MLIN 3 5§ WAWBIAS LALBIAS
MRSTUB 4 WIAWBIAS L=150 ANG=90
MSTEP 5 6 WIAWBIAS W2=40

MLOC 6 W=40 L=40

DEF1P 1 BIAS

MLIN 3 4 W=5 L=36.61

MSTEP 4 5 W1=5 W2=100
MLIN 5 6 W=100 L=77.37
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! half wavelength
! short

!

!

! bias CKT

! inductance
1

! capacitance




MSTEP 6 7 W1=100 W2=5
MLIN 7 8 W=5 L.=148.26
MSTEP 8 9 W1=5 W2=100
MLIN 9 10 W=100 L=70.43
DEF2P 3 10 HALFF
HALFF 12

HALFF 32

DEF2P 1 3 LPF

S2PA 11 12 13 NE72084B
MLIN 11 1 W=20L=35
MSTEP 1 51 W1=20 W2=5
LPF 512

MSTEP 2 52 W1=50 W2AW0
MLIN 52 53 WAWO0 L=120
SRL 53 0 R=82 L=0.15
MLIN 13 14 W=30 L=30
MSTEP 14 15 W1=30 W2=5
MLIN 1521 W=5L=27
MSTEP 21 22 W1=5 W2=30
MLIN 22 23 W=30 L=15
VIA 23 0 D1=10 D2=10 H=30 T=1
MLOC 23 W=30L=15

MLIN 12 6 W=25 L=25
DEFIP 6 NR

MLIN 12 W=87.5L=100

MTAPER 2 3 W1=87.5 W2AW0 L=518
MLIN 3 4 WAWO0 L=100

DEF2P 1 4 FEED

TAND TAND=0.038

MCLIN 4 5 6 7 WAWO0 SAGCOUP LACOUP
MLIN 7 13 WAW0 LAUNCOUP

TAND TAND=.002
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]

! inductance

!

! capacitance

!

!

!

! low pass filter CKT

! S-parameter of MESFET

! line from gate to LPF

!

!

!

! line from LPF to termination
! termination resistance

!

!

! line from source to ground

!

!

! via hole connected to ground plane
!

! line from drain to output

! negative resistance CKT

150Q line

! transition from 50€2 to 82Q
! 82Q line

! feed CKT

! emulation of the radiation loss
! coupled line in tank

! uncoupled line in tank

! back to the normal loss tangent




MBEND3 5 11 WAW(

MBEND3 6 21 WAW(

MLIN 11 12 WAWO0 L=269

MLIN 21 22 WAWO0 L=54.6

MTEE2 23 22 24 W1AW0 W2AW0 W3 W0
MLOC 24 WAW0 L=76.9

MSTEP 23 25 W1AW0 W2=25

NR 25

SRL 12 0 R=82 L=0.15

DEF2P 4 13 TANK

FEED 12

MGAP 2 3 WAW0 SAG
TANK 3 4

MGAP 4 7 WAW0 SAG
FEED 87

DEF2P 1 8 FILTER

FREQ

SWEEP 9.7 99 0.1
SWEEP 9.9 10.1 0.01
SWEEP 10.1 10.3 0.1

OuT

FILTER DB[S11] GR1
FILTER DB[S21] GR1

GRID

RANGE 9.7 10.3 0.1
GR1-2555
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!

!

! line from coupled line to termination
! line from coupled line to NR

!

! matching stub

!

!

! termination resistance

! resonant tank CKT

! input

!

! resonant tank
!

! output

! filter CKT
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